Abstract: Laser capsulotomy is accepted as a standard and effective treatment for posterior capsule opacification. It is generally believed that neodymium:YAG (Nd:YAG) capsulotomy is related to an increased risk of retinal detachment (RD). The aim of this study was to evaluate the association between Nd:YAG capsulotomy and risk for developing RD. A PubMed and Medline search was conducted using the terms "retinal detachment" and "Nd:YAG laser capsulotomy." Of the articles retrieved by this method, all publications in English and abstracts of non-English publications were reviewed. The literature analysis presented no convincing evidence supporting the association between Nd:YAG capsulotomy and increased risk for developing RD. The existing discrepancy between some studies might be related to inadequate group sizes, short observation period, and co-existing disorders. We also reviewed the possible risk factors for RD after Nd:YAG capsulotomy and found no association with preceding surgical approach, existing posterior vitreous detachment, and intraocular lens design. Myopic patients should be treated with caution, as it cannot be concluded that Nd:YAG capsulotomy does not increase RD rate in this cohort. Treatment energy should be as low as possible, as high energy levels and anterior hyaloid damage might increase the chance for RD development. Cataract surgery itself is a potential RD risk factor, particularly after intraoperative capsule complications.
in IOL materials and designs have been made to reduce anterior capsular opacification and PCO. 4 One example is an increase of biocompatibility, determined by the relationship of the IOL with remaining lens epithelial cells within the capsular bag to inhibit their proliferation, migration, and epithelial-to-mesenchymal transition. The truncated, square edge of the acrylic IOLs causes a blockage of epithelial cells at the optic edge, preventing ingrowth over the posterior capsule. 5 However, a complete elimination of PCO has not been achieved yet, and with recent improvements the overall incidence of PCO was reported as less than 10%. 6 With that, the annual volume of cataract surgery is still increasing.
Nd:YAG laser capsulotomy is accepted as a standard and effective treatment for PCO. One problem that needs to be taken into account is the presumed risk of retinal detachment (RD) related to YAG capsulotomy. The aim of this study was to evaluate the association between Nd:YAG capsulotomy and risk for developing RD.
MATERIALS AND METHODS
PubMed and Medline were the main resources used to conduct the medical literature search. An extensive search was performed to identify relevant articles concerning "retinal detachment" and "Nd:YAG laser capsulotomy" up to September 30, 2017 . The following keywords were used in various combinations: posterior capsule opacification, capsulotomy, Nd:YAG, neodymium:yttrium-aluminum-garnet, laser, phacoemulsification, cataract surgery, cataract extraction, complications, retinal detachment, retinal break. The search identified 411 unique articles. Of the studies retrieved by this method, we reviewed all publications in English and abstracts of non-English publications. The reference lists of the analyzed articles were also considered as a potential source of information. We included publications that described the incidence, etiopathogenesis, RD risks, and PCO treatment. Emphasis was placed on articles published since the review by Karahan et al, 7 but we included earlier articles that provided a more comprehensive understanding of PCO. Studies were critically reviewed to create an overview and guidance for further search. No attempts to discover unpublished data were made. In addition to the Medline and PubMed searches, selected chapters from relevant textbooks were included.
RESULTS
Association Between Nd:YAG Capsulotomy and Development of RD 11, 12 Several studies did not present an association between the RD risk and Nd:YAG capsulotomy, both after extracapsular cataract extraction (ECCE) 13 and phacoemulsification cataract surgery (PCS). 5, 12, [14] [15] [16] Articles demonstrating the prevalence of RD after Nd:YAG capsulotomy are presented in Table 1 .
Min and associates 16 reported no RDs in 77 eyes after YAG capsulotomy within the observation period of 15 months. In another study, 1 out of 526 eyes after Nd:YAG capsulotomy developed RD.
14 The follow-up of the cohort was 21 months, and the exact relationship between the 2 events was presented as unclear. Powell On the other hand, Ambler and Constable 20 presented an elevated risk of developing RD after Nd:YAG capsulotomy in 6 months of follow-up. The study assessed 862 patients undergoing Nd:YAG capsulotomy after ECCE with or without IOL implantation. It was noted that 38% of RDs occurred within the first 2 months and 69% within the first 6 months after capsulotomy. Wesolosky and others 21 reported that the cumulative risk for retinal tear or detachment at 3, 6, 9, and 12 months was 0.21%, 0.30%, 0.36%, and 0.43% and 0.60%, 0.96%, 1.19%, and 1.39%, respectively. It was concluded that there was an increased risk for RD in the first 5 months after Nd:YAG with a return to a baseline plateau thereafter. However, as only billing records were analyzed, the methodology of this study might be questioned.
Possible Risk Factors for Retinal Detachment After Nd:YAG Capsulotomy

Anterior Hyaloid Damage and Higher Energy Levels
Özyol et al 22 conducted a cross-sectional study on 277 pseudophakic eyes of 216 patients treated with Nd:YAG laser capsulotomy for PCO. The anterior hyaloid damage (AHD), AHDrelated Nd:YAG laser parameters, and retinal complications were assessed. A localized retinal detachment occurred in 1 eye and the risk of retinal complications in patients with AHD was 12.7 times higher than in patients without AHD. It was noted that high pulse number, pulse energy, and total energy were risk factors for AHD.
The basic power settings of Nd:YAG laser and treatment energy levels are proportional to PCO thickness and density. In the study by Bhargava et al, 24 patients with fibromembranous and fibrous subtypes of PCO required higher treatment energy compared with membranous PCO (pearl form). In their study, patients that developed RD had longer ocular axial length and were treated with higher laser energy (77.7 mJ, compared with 43.4 mJ in eyes without RD). 24 However, Steinert et al 25 reported no correlation between RD risk and the numbers of laser pulses and energy delivered.
Longer Axial Length
Dardenne and collaborators 26 reported that the highest risk for RD after YAG capsulotomy (12.3%) is manifested in eyes with an axial length of 26.1 mm to 28.0 mm. Rickman-Barger et al 27 revealed that patients with axial myopia of at least 25.00 mm, lattice degeneration, or previous RD manifest increased risk of RD after Nd:YAG capsulotomy. Olsen and Olson 5 noted that eyes with axial lengths of 24 mm or longer had an elevated risk for RD. Koch and others 28 described elevated risk of retinal tear or detachment in eyes with axial myopia, preexisting vitreoretinal disease, male, younger age, vitreous prolapse into the anterior chamber or spontaneous extension of capsulotomy. Ranta and associates 29 reported that the hazard ratio of RD after Nd:YAG capsulotomy increases linearly with each millimeter of axial length, and 25 millimeters was the strongest cut-off.
Surgical Approach
In general the surgical approach influences the rate of postoperative RD, with PCS having a lower risk of developing RD than intracapsular cataract extraction and ECCE. 5 Similarly, the same study revealed that RD rates after Nd:YAG capsulotomy were lower after PCS than ECCE (3.1% versus 1.0%). 5 This was not confirmed by Dardenne and collaborators, 26 with similar RD rates in ECCE and PCS (l.64% versus 1.59%, respectively).
Other Factors
As posterior vitreous detachment (PVD) contributes to alterations of the vitreous base and leads to a retinal tear or detachment, Sheard and coworkers 30 analyzed the association between Nd:YAG capsulotomy and new PVD. At baseline the prevalence of PVD was higher in pseudophakic than in phakic eyes. However, after a 12 month follow-up the incidence of new PVD in phakic eyes with no treatment, and pseudophakic eyes with or without Nd:YAG capsulotomy was 17.1%, 17.9%, and 11.4%, which was not statistically significant.
Smith and Aleman 31 reported a trend towards a reduced rate of RD with high A-constant IOLs, with no statistical significance. It was presumed that IOLs having rigid haptics, with an A constant greater than or equal to 118.5, show a higher degree of posterior angulation and rest more posteriorly in the eye. Therefore, anterior vitreous support is reestablished when the crystalline lens is removed and this design may help prevent excessive vitreoretinal traction that could lead to RD. Fechner 32 claimed that the IOL configuration significantly influences the risk for RD after capsulotomy. In a lens with its convexity directed toward the retina (plano-convex configuration) Nd:YAG laser capsulotomy would not cause a deprivation of the barrier between the anterior and posterior segments of the eye. In these cases the Nd:YAG capsulotomy causes an optical opening, not permitting fluid to pass through it, in contrast to the eye with a convexplano IOL where fluid can often be seen streaming through the new YAG opening. The authors expected that the risk of this complication could be reduced by implanting a plano-convex intraocular lens. Predisposing risk factors for RD should be taken into account when evaluating a candidate for YAG laser posterior capsulotomy.
Patients undergoing Nd:YAG laser capsulotomy require medical observation to detect and treat these serious complications.
There is a statistically significant increase in the risk of RD or break in those patients who undergo capsulotomy after cataract extraction. Therefore, capsulotomy should be deferred until the patient's impairment caused by capsular opacification warrants the increased risk of retinal complications associated with performance of capsulotomy.
No causal relationship between YAG laser capsulotomy and subsequent RD. N/A Cumulative complication rates in the laser-treated population were very low.
Low risk of RD. All patients with disturbance of the anterior vitreous and vitreous prolapse in anterior chamber should be followed closely.
No greater risk of RD associated with Nd:YAG laser capsulotomy than with surgical discission.
The increase in the incidence of RD within a relatively short time after capsulotomy supports the thesis of an increasing risk of RD after the opening of the posterior capsule. To achieve a 90% confidence level it is necessary to have 450 patients in each group to compare the data.
The surgical approach in cataract surgery affects Nd:YAG and RD rates. 
DISCUSSION
It is generally believed that Nd:YAG capsulotomy is related to an increased risk of RD. 20 It was speculated that specific damage caused by the Nd:YAG laser in an eye with an underlying predisposition (eg, myopia or aphakic state) might result in RD development. 33 The possible mechanisms by which plasmas are believed to produce damage are ionization, vaporization, cavitation, mechanical stress waves, impelled particles, electromagnetic field stress, and light emission. It was also argued that the loss of the physical barrier provided by the posterior capsule might result in retinal breaks and subsequent RD weeks or even months after the procedure.
11 Chemical changes in the vitreous itself, particularly the loss of hyaluronic acid, liquefaction, or chemical inducement of a vitreous detachment may contribute to alterations of the vitreous base. It is unlikely that any single mechanism alone can induce vitreous changes sufficient to initiate the development of retinal breaks or RD.
The current analysis presented no convincing evidence supporting the association between Nd:YAG capsulotomy and increased risk for developing RD. The existing discrepancy between some studies might be associated with inadequate group sizes, short observation period, and coexisting disorders. We also reviewed the possible risk factors for RD after Nd:YAG capsulotomy and found no association with preceding surgical approach, existing PVD, and IOL design. On the other hand, higher energy levels and anterior hyaloid damage might be associated with an increased risk of developing RD after Nd:YAG capsulotomy, particularly in eyes with long axial length.
CONCLUSIONS
The risk of developing RD after Nd:YAG capsulotomy is low, and based on the current evidence it is unlikely that Nd:YAG capsulotomy increases RD incidence. Myopic patients with longer ocular axial length should be treated with caution, as it cannot be concluded that Nd:YAG capsulotomy does not increase RD rates in this cohort. Treatment energy should be as low as possible, as high energy levels and anterior hyaloid damage might increase the chance for RD development. Cataract surgery itself is a potential risk factor for RD, particularly after intraoperative capsule complications.
